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Abstract 
A custom CMOS image sensor for capsular endoscopy is presented. The complete functionality of the chip is guaranteed through 
seven signal pins, used for the I2C like input and the LVDS output interfaces. Prototypes have been produced in the UMC 
0.18µm-CIS (CMOS Image Sensor) technology both in the monochrome and colour-RGB versions. The imager has been 
electrically and optically characterized and ex-vivo images have been acquired and evaluated. The results of the characterization 
show state of the art performance in terms of power consumption (<40mW) and light sensitivity (0.1 lux@555nm for the 
monochrome imager), comparable to CCD technology. 
Keywords: Biomedical, imaging, sensor, CMOS 
1. Introduction 
The continuous request for painless diagnostic techniques in the gastro-intestinal tract has paved the way to a 
great interest in endoluminal techniques, like capsular endoscopy [1]. The main goal of endoscopy is inspection 
through imaging for diagnostic and surgical purposes. For this reason, image quality is a primary issue in traditional 
endoscopic devices. In wireless endoscopic applications image quality is also very important. However, a trade-off 
must be found by considering physical dimensions, power consumption, simple control interfaces, image 
dimensions and frame rate. 
Off-the-shelf chips partially fulfil wireless endoscopy specifications, providing either a good image resolution 
and quality in a small size, but without an adequate sensitivity and unacceptable power consumption [2], or low 
power consumption in a small size, however with poor output in terms of noise and image quality [3]. The very 
specific and demanding requirements of capsular endoscopy have therefore motivated the development of a novel 
CMOS (Complementary metal oxide semiconductor) image sensor, called Vector2, that is presented in this 
contribution. The main features targeted during the design phase were high sensitivity [4], low power consumption 
and a simple control interface through a reduced number of pins. A resolution of 320×240 was considered a good 
compromise between image quality, chip dimensions and frame rate, in terms of telemetry payload. All the internal 
blocks were designed to guarantee low power consumption and a simple control of the full chip. Prototypes 
fabricated in the UMC 0.18µm CIS technology were finally characterized (monochrome and colour versions). 
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 2. Imager Architecture 
Vector2 is a monolithic 320×240 active-pixel colour-RGB or gray level camera-on-a-chip sensor (Fig.1, Tab.1). 
The pixel array (4.4µm×4.4µm pitch) is based on the UMC ultra-photodiode technology [5]. The readout phase of 
the analogue outputs of pixels starts with the selection of a row, by means of a row decoder, and filtering the row 
signals carrying them in parallel through a number of Column Data Sampling (CDS) amplifiers [6], for pixel fixed 
pattern noise and low frequency noise removal. CDS outputs are then selected, by means of a column decoder, and 
further filtered in series by a Data Double Sampling (DDS) block to reduce column fixed pattern noise [7]. Finally, 
the DDS output is serialized and digitally converted by an on-chip 10-bit pipeline ADC. Several analogue references 
are internally generated by means of DACs integrated on chip. All the described functions are related to the 
analogue core of the imager. Furthermore, a series of control and read-out digital blocks are implemented for input 
and output interfaces and for the analogue core control. The result of the integration is a chip fully configurable and 
driven by a 2-pin I2C like input interface; the low voltage serial output is obtained by means of a 4-pin LVDS 
interface. 
 
    (a)              (b) 
Fig. 1 Vector2 sample on package fabricated in the UMC 0.18µm-CIS technology (a)  and block diagram (b). 
Table 1. Vector2 Imager main characteristics 
Main characteristics dimension value  Main characteristics dimension value 
Resolution  QVGA  Master Clock MHz 25 
Active area  320x240  Data rate MHz 100 
Optical format 
Pixel Pich 
Fill Factor 
Shutter type 
Die size 
Inch 
µm2 
% 
 
mm2 
1/11 
4.4x4.4 
25 
Rolling 
2.5x3.0 
 Pixel rate 
Data format 
Power consumption 
Operating temperature 
MHz 
Bit 
mW 
°C 
10 
10-serial 
<40 (@30fps, 27°C) 
-40/+80 
3. Imager characterization 
 A test board was designed and developed to characterize the Vector2 chip. The set-up is composed by a main 
board and a dedicated “eye PCB” designed for the specific chip control. This set-up was used for both electrical and 
optical characterization. The chip is supplied at 1.8V/3.3V. The typical values for the master and the output clocks 
are 25MHz and 100 MHz respectively, with a duty cycle of 50% in both cases.  
A basic verification of a full functionality of the Vector2 sensor was successfully done. Most of the internal 
blocks were characterized independently, mainly to verify swing and linearity of the response. The power 
consumption, in normal operation, was measured as a crucial parameter, being less than 40mW at ambient 
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temperature with a frame rate of 30fps. Significant parameters were extracted by an optical characterization of both 
the monochrome and colour-RGB sensor. 
The main results are summarized in Tab.2. A very important parameter for the chip is the sensitivity, which 
results to be 0.11 lux for the monochrome sensor and 0.32 lux for the colour-RGB one, measured with an integration 
time of 30 ms, at ambient temperature and at a wavelength of 555 nm. Noise performances are also reported as 
percentage of the average value over the full signal range. Pixel noise (PN), consisting of the temporal noise, is 
higher in the case of the monochrome sensor (0.70%), but it stays below the level perceivable by the human eye 
because under few percentage points. The spatial noise, called fixed pattern noise (FPN), is two times higher in the 
case of the colour-RGB version (1.67%) than for the monochromatic one (0.86%). Dynamic range and signal to 
noise ratio (SNR) are reported in Tab.2 as average and maximum values and in Fig.2 as function of the light power, 
for both the monochrome and the colour-RGB sensors. It is quite evident that Dynamic range and SNR performance 
are better for the colour-RGB sensor because of the lower responsivity. 
Table  2. Vector2 Optical Performance 
Parameter Unit Monochrome Colour-RGB 
Sensitivity 
 
Lux 0.11@555 nm, 27°C, 30 ms 0.32@555 nm, 27°C, 30 ms 
W/m2 1.70×10-4@ 27°C, 30 ms 4.65×10-4@ 27°C, 30 ms 
Responsivity V/lux*sec. 0.53@555 nm, 27°C 0.12@555 nm, 27°C 
V/W/m2*s 360@27°C 81@27°C 
Dynamic range dB 50 60 
SNR dB 46(max) 53(max) 
Pixel Noise (PN) % 0.70 0.25 
Fixed Pattern Noise (FPN) % 0.86 1.67 
 
 
• Fig. 2. Vector2 Power responsivity (a) and SNR (b) as function of irradiation power for the black and white sensor and the RGB 
sensor in the three different colours. 
  
    (a)        (b) 
Fig. 3. Ex-vivo test bench (a)  and an example of image acquired with the Vector2 optical sensor (b). 
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 4. Ex-Vivo tests 
Ex-vivo images were acquired with the colour-RGB version of the Vector2 imager and a non-optimized optics, in 
order to have a preliminary indication about image quality for the target application. The test bench and an example 
of acquired image are reported in Fig.3. The image was obtained with no post-processing, only demosicing and 
background subtraction were applied. As predictable by the results obtained in terms of noise performance, the 
quality of images is good as regards image uniformity; the original colour rendition can be evaluated good as well. 
More extensive tests will be performed to have a complete and systematic assessment of image quality. 
5. Conclusions and Future Perspectives 
A CMOS image sensor specifically designed for wireless endoluminal applications was presented. As required by 
the application, a trade-off was identified for crucial parameters like chip size, power consumption and image 
quality, and a custom design was developed upon the defined specifications. Electrical and optical characterizations 
demonstrated that targeted requirements in terms of power consumption and high sensitivity were successfully 
achieved. Indeed, the monochrome sensor results to have a sensitivity of 0.11 lux (@ 555 nm and 27°C), while the 
one of the colour-RGB imager is 0.32 lux (@ 555nm and 27°C), which are performances comparable to CCD 
devices. Power consumption is less than 40 mW in both cases. This makes the sensor suitable for wireless 
endoluminal applications such as capsular endoscopy. Ex-vivo images of tissues were preliminary acquired, 
showing good image uniformity, also guaranteed by low noise performances (PN<0.53% and FPN<1.67%). 
The Vector2 chip will be more extensively tested to have a complete and systematic characterization, focusing in 
particular to endoluminal images acquisition. Samples of the Vector2 imager are going to be integrated in a 
complete miniaturized wireless vision system for capsular endoscopy 
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